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DESCRIPTION 



BACKGROUND OF THE INVENTION 



1 0 Field of the Invention 

The invention relates to a method for the production of curved 
thread-reinforced tubular structures and a device for such production. 



Background Description 

1 5 Curved thread-reinforced tubular structures may be used in automobile 

applications such as, for example, pneumatic springs of motor vehicles. A generic 
production method and device for curved thread-reinforced tubular structures are 
known, for example, from DE 25 45 058 C3. In this case, mandrels are guided 
concentrically by the axis of rotation of a deflection element, so that a constant 

2 0 thread angle, distributed over the circumference, is ensured. 



To improve the pneumatic spring properties of the tubular structures, it is 
known from DE 196 14 476 Al and EP 0 285 726 Bl to vary the thread angle over 
the length of the pneumatic springs. Due to the varied thread angle in the axial 
2 5 direction of the pneumatic spring bellows, the latter has a differing outside 

diameter according to the thread angle, so that the rolling behavior and the air 
pressures can be adapted to the respective requirements involved in the installation 
and operation of the pneumatic spring bellows in a pneumatic spring. 
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The winding of reinforcing threads on to mandrels guided in a feed 
direction, with a rubber layer extruded on them, is known, for example, from DE 
198 46 852 C2. In this case, the reinforcing threads are guided in a deflection 



element on the inner circumference of the deflection element with a very small gap 
with respect to the mandrel. The reinforcing threads are guided to the outer 
circumference of the mandrel or of the rubber layer located on it by means of 
guides distributed equidistantly on the inner circumference of the deflection 
5 element. In this situation, the deflection element rotates at a speed corresponding to 

a required thread angle with respect to the feed direction. 

When, for example, the pneumatic springs are installed in vehicles, the 
installation situation is sometimes so unfavorable that curved pneumatic springs 

1 0 have to be used. Curved tubular structures are conventionally produced by straight 

thread-reinforced tubular portions being prestressed into a curved shape and then 
vulcanized. Such a method is described, for example, in DE 25 45 058 C3. One 
disadvantage, however, is that the run of the reinforcing threads during production 
is not adapted to the curved shape. During prestressing, a displacement of the 

1 5 reinforcing threads which is detrimental to the quality of the final product then 

sometimes occurs. Moreover, only a complete curvature of the tubular portion is 
possible, but not the production of selected curved regions. 



2 0 SUMMARY OF THE INVENTION 

The invention provides a method and a device for production of curved 
thread-reinforced tubular structures composed of rubber layers and of 
strengthening layers, so that it is possible to generate curved portions at low outlay 
during a continuous production process. 
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In one aspect, the invention includes the steps: 

■ application of a first rubber layer to the circumference of mandrels 
driven forward in a feed direction (X); 

30 

■ winding on of a multiplicity of parallel reinforcing threads, having 
defined thread angles with respect to the feed axis, by means of a 
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bobbin creel, to form a first thread ply, the mandrels being guided 
by a rotating deflection element surrounding the mandrels and 
guiding the reinforcing threads so as to be distributed on the inner 
circumference; 
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■ application of a covering rubber layer after the optionally multiple 
execution of the previous steps, alone or together; and 

■ leading the mandrels through the deflection element of the bobbin 
1 0 creel eccentrically in the region of the deflection element. 

In another aspect of the invention, the method includes, for example, 

■ leading at least one mandrel through a deflection element of a 

1 5 bobbin creel in a feed direction, offset from a central longitudinal 

axis of the deflection element; and 

■ winding a multiplicity of parallel reinforcing threads on the at least 
one mandrel as the mandrel is led through the deflection element 

2 0 resulting in defined thread angles (a) with respect to a feed axis to 

form a tubular structure having a curvature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2 5 The foregoing and objects, aspects and advantages will be better 

understood from the following detailed description of embodiments of the 
invention with reference to the drawings, in which: 
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Figure 1 shows a device for the production of curved thread-reinforced 
tubular structures with an eccentric lead through of a mandrel through a deflection 
element; and 
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Figure 2 shows a curved pneumatic spring with curved pneumatic spring 
bellows. 

DETAILED DESCRIPTION OF 
5 EMBODIMENTS OF THE INVENTION 

The invention relates to a method for the production of curved 
thread-reinforced tubular structures and a device for such production. In one 
implementation, the tubular structure is composed of rubber layers and of 

1 0 strengthening layers. In one aspect of the invention, thread-reinforced tubular 

structures made in accordance with the invention may be used, for example, as 
pneumatic spring bellows for pneumatic springs of motor vehicles. In this type of 
application, the thread-reinforced tubular structures contain a multiplicity of 
reinforcing threads which lie closely next to one another at equidistant intervals, in 

1 5 order to be capable of withstanding the high pressure of the pneumatic spring. 

In contrast to the conventional concentric lead through of the mandrels 
through the deflection element and to the resulting equal thread angles over the 
circumference, an eccentric lead through of the mandrels through the deflection 
2 0 element is provided herein. That is, in the invention mandrels are guided 

eccentrically or offset from a central longitudinal axis through a deflection element 
of a bobbin creel in the region of the deflection element. For this purpose, the 
inside diameter of the deflection element is correspondingly larger than the 
diameter of the mandrel covered with at least one rubber layer. 
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In one aspect of the invention, the thread angle corresponds directly to the 
distance of the deflection element from the mandrel, so that, when the mandrels are 
led through eccentrically, different thread angles are produced over the 
circumference of the mandrels. By contrast, the thread angles of a respective 
30 circumferential position remain the same over the length of the mandrels. 
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Due to the different thread angles over the circumference, the tubular 
structure undergoes a curvature which is established automatically after the 
thread-reinforced tubular structure has been drawn off from the mandrels and after 
subsequent vulcanization. Advantageously, therefore, it is necessary merely to lead 
5 the mandrels through the deflection element eccentrically, in order to produce 

curved tube-like structures, without further steps, such as the conventional required 
bending of the structures being necessary before vulcanization. Moreover, the 
advantage of the method according to the invention is that, by a variation of the 
eccentric lead through and, if appropriate, centric lead through in part regions, 
1 0 selected portions of the tubular structure can be provided with defined curvatures 

during the continuous production process. 

For the eccentric lead through of the mandrels through the rotating 
deflection element, either the guide of the mandrels may be displaced transversally 

15 to the feed direction about a position shifted with respect to the concentric lead 

through of the mandrels through the deflection element. Alternatively or 
additionally to this, the deflection element, together with the bobbin creel, may 
also be displaced transversely to the feed direction from a position shifted with 
respect to the concentric lead through of the mandrels through the deflection 

2 0 element. In this case, displacement may take place in the horizontal and/or the 

vertical direction. 

The invention is achieved, furthermore, by means of the device for the 
production of curved thread-reinforced tubular structures by guide means for 
2 5 guiding the mandrels eccentrically through the deflection element of the bobbin 

creel in the region of the deflection element. In the device, at least one bobbin 
creel which has a rotatable deflection element surrounds mandrels capable of being 
driven forward in a feed direction and which guides reinforcing threads so as to be 
distributed on the inner circumference. 
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So, either of the guide means of the device may cooperate with the 
mandrels, in order to displace the mandrels transversally to the feed direction about 
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a position shifted with respect to the concentric lead through of the mandrels 
through the deflection element. Additionally or alternatively to this, the guide 
means may also cooperate with the bobbin creel, in order to displace the bobbin 
creel transversally to the feed direction about a position shifted with respect to the 
5 concentric lead through of the mandrels through the deflection element. 

Figure 1 illustrates a detail of a device according to the invention for the 
production of curved thread-reinforced tubular structures, in which one or more 
plies of rubber layers and of strengthening layers in the form of thread contextures 
1 0 are applied to a mandrel 1 . The rubber layers are applied to the mandrel and/or a 

thread ply, for example, by extrusion in a known manner. 

The mandrels 1 are advanced in a continuous process in a feed direction X 
through successively arranged extrusion devices for applying the rubber layers and 

1 5 bobbin creels for applying the thread plies. The bobbin creels generally shown at 

"C", in this aspect, have a deflection element 2 which rotates in the direction of 
rotation R and by means of which reinforcing threads 3 are applied to the mandrel 
1 at a thread angle a with respect to the feed direction X. The thread angle a is 
dependent on the feed speed of the mandrel 1 and on the gap S between the inner 

2 0 circumference of the deflection element 2 and the adjacent outer circumference of 

the mandrel 1 . 

According to the invention, in this case, the mandrel 1 is led through the 
deflection element 2 so as to be offset eccentrically by the amount of a distance "a" 

2 5 from the axis of rotation of the deflection element 2. The result of this is that the 

reinforcing threads 3 are applied in the circumferential region of the mandrel 1 
having the smaller gap S at a thread angle oci other than in the circumferential 
region of the mandrel 1 having the larger gap Si. However, during constant 
displacement of the mandrel 1 about the axis of rotation at the distance "a", for 

30 each circumferential region the thread angle a remains the same over the length of 

the mandrel 1. 
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During the production of the thread-reinforced tubular structures, the 
eccentric displacement "a" may be adapted in any desired way. Also, part regions 
having the same thread angle a may also be provided over the circumference by 
5 the mandrel 1 being led centrically through the deflection element 2. Complicated 

curved shapes of the thread-reinforced tubular structure can thereby be produced. 

Due to the different thread angles a over the circumference of the 
thread-reinforced tubular structure, under pressure a curved shape is formed in 
1 0 such a way that a small radius is obtained in the region of the smaller thread angles 

<xi and a large radius is obtained in the region of the large thread angles ot2. 

Figure 2 illustrates a curved pneumatic spring 4 with a pneumatic spring 
bellows 5 which is drawn over a piston 6 and a cover 7. The curved shape of the 
1 5 pneumatic spring bellows 5 is imparted in that the thread angle a of the reinforcing 

threads 3 is different, distributed over the circumference. Thus, the thread angle ai 
in the region of the smaller radius on the left-hand side is smaller than the thread 
angle CC2 on the right-hand side having the larger radius. 

2 0 Pneumatic springs 4 of this type may also be used in installation situations 

where, for example because of the cardanic axle mounting of the pistons, a curved 
shape of the pneumatic springs 4 is necessary. The resulting concertina widths 
between the pneumatic spring bellows 5 and the piston 6 are optimally designed 
for the corresponding cardanic axle mounting by virtue of the adaptation of the 

2 5 thread angles by means of the method according to the invention, so that the useful 

life of the pneumatic springs 4 is increased. Moreover, curved pneumatic springs 4 
can be adapted more effectively to the confined construction spaces in vehicles, 
and the dynamic properties and therefore the driving properties of a vehicle can be 
improved. 
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While the invention has been described in terms of preferred embodiments, 
those skilled in the art will recognize that the invention can be practiced with 
modification within the spirit and scope of the appended claims. 



